Introduction
Pleural involvement is one of the most frequent extrapulmonary manifestations of tuberculosis [1] . Residual pleural thickening still occurs in most patients with tuberculosis despite advances in the treatment of tuberculosis [2] [3] [4] [5] . To date, the relationship between pleural thickening and biochemical, biological and microbiological parameters of the pleural fluid have been studied. No significant correlation, however, has been found between these parameters (for example protein level, lactate dehydrogenase and glucose level and pH of the pleural fluid) and pleural thickening so far [2, 4] . Furthermore, it is well known that RPT is not related to chemotherapeutic regimens, therapeutic thoracentesis and adding corticosteroids to the treatment [2, 3, 6, 7] .
We aimed in the present study to investigate the clinical findings and biochemical and microbiological characteristics of pleural fluid as well as the relationship between residual pleural thickening and levels of total adenosine deaminase and several isoenzymes of ADA in the patients with tuberculous pleurisy (TP).
Methods
A total of 158 patients were diagnosed as with TP between January 2002 and December 2002 in our centre. The diagnosis of TP was based on the following criteria: (a) Granulomatous inflammation with necrosis on the pleural biopsy samples. (b) Not considering an alternative diagnosis in the presence of granulomatous inflammation without necrosis on the pleural biopsy samples; (c) Growth of M.tuberculosis in the pleural fluid and/or pleural biopsy cultures. 24 of 158 patients were excluded from the study as they had received corticosteroids in addition to the anti-tuberculous therapy. A further 6 patients were excluded from the study because of the lack of follow-up information and an additional 7 patients because of inadequate medical records. Medical records of the remaining 121 patients were reviewed retrospectively. The following information was obtained from the med-ical records: the age of the patient, tobacco consumption (package/year), duration of the symptoms (day), history of past tuberculosis, index patient, the presence or absence of pleuritic chest pain, cough, fever, fatigue, weight loss, sputum, night sweating and dyspnea, reaction to intradermal purified protein derivative, hemoglobin level, leukocyte count, erythrocyte sedimentation rate, serum levels of total protein, albumin, glucose and lactate dehydrogenase, pleural fluid levels of protein, albumin, glucose and LDH and activities of total ADA and isoenzymes 1 and 2 of ADA, cellular composition of the pleural fluid and the size of the effusion. The size of effusion was classified as small, medium or massive according to the area occupied by the effusion on a posteroanterior chest radiograph. Additionally, whether parenchymal infiltration existed on the PA chest radiograph was also recorded. Additionally, histological characteristics and culture results of the pleural biopsy samples and culture results of the pleural fluid samples and direct acid fast bacillus investigations and culture results of the sputum were also recorded.
All patients were treated with appropriate anti-tuberculous regimens for sufficient duration (6 to 12 months). The anti-tuberculosis regimens given were as follows: 112 (93%) patients received isoniazid and rifampin for 6 months with ethambutol and pyrazinamide for the first 2 months; 6 (5%) patients received isoniazid, rifampin and ethambutol for 9 months with streptomycin for the first 2 months due to hepatotoxicity; and 3 (2%) patients received isoniazid and rifampin for 12 months with ethambutol and pyrazinamide for the first 2 months. 121 patients were separated into two groups based on their chest roentgenograms at the end of treatment. 63 patients in group I had residual pleural thickening that was defined as a pleural thickening greater than 2 mm. RPT was measured in the lower lateral hemithorax of a posteroanterior chest radiograph at the level of an imaginary line intersecting the diaphragmatic dome. 58 patients in group II had no such thickening.
Statistical Analysis
Statistical analyses were performed using SPSS software for windows (version 11.0). The data is expressed as the mean ± the standard deviation unless otherwise noted. Parameter distributions were compared with a normal distribution using the Kolmogorov-Smirnov test. For abnormal distributions, the groups were compared by the Mann-Whitney U test, and for normal distributions, by Student's t test. Qualitative variables were compared with the chi-square (χ 2 ) method and Yates' correction. The Fisher Exact Test was used as needed.
Results
81 (67%) of 121 patients with TP were male (mean age: 36 ± 16.2) and 40 (33%) were female (mean age: 33 ± 11.8). Mean age of all patients was 35 ± 14.9. The rate of the patients who had RPT following the anti-tuberculous therapy was 52%. Comparisons between the clinical characteristics of 63 patients with RPT and 58 patients without RPT were given in table 1. Pleural thickening was significantly higher in male patients (p = 0.014). Mean age of the patients with RPT was 37 ± 16.4 and that of the patients without RPT in the group II was 34 ± 13.1. There was no statistically significant difference between two groups in terms of age, history of previous tuberculosis infections, index cases, duration of the symptoms and PPD values. There was no significant difference between the two groups in terms of clini- cal findings. But dyspnea was more frequent in the group I and pleuritic chest pain was more frequent in the group II. With regard to the smoking rates of the groups, the proportions of the patients who were not used to smoke were almost equal in the two groups (60% in the group I and 59% in the group II). RPT increased with rate of smoking (p = 0.014) (table 2) . Diagnosis was made by means of a pleural biopsy in 94% of the patients, whereas 2 patients were reported to have chronic pleuritis. Pleural biopsy could not be completed in two patients because of a defense developed during procedure. These two patients had their diagnoses with growth of M.tuberculosis in pleural fluid cultures. M.tuberculosis was isolated from the pleural fluid cultures in 2 of the 42 patients (5%) in group I and 5 of (11%) 47 patients in group II. M.tuberculosis was isolated from pleural biopsy samples in 2 of 8 patients (25%) in the group I whereas no pleural biopsy sample of any patient in the group II was submitted to microbiology laboratory for culture. No statistically significant difference was found between the results of pleural biopsy and culture when these results were compared (table 3) .
Three of the patients who developed pleural thickening (5%) underwent decortication. Two of these three patients were male and one of them was female. Pleural thickening was on the right side in two patients and on the left side in one patient. Two of these three patients had moderate restriction and one had severe restriction on respiratory function tests. Postoperative diagnoses of these three patients were reported as granulomatous inflammation with necrosis.
Lymphocyte rate was investigated in the cytological examinations of pleural fluid samples in 88 of 121 patients (73%). Lymphocyte rate in the pleural fluid was above 82% in 56 (64%) of these patients. With regard to distribution of these patients in the groups, the lymphocyte rate was above 82% in 39 of 44 patients (89%) in the group of pleural thickening and in only 17 of 44 patients (39%) in the group without RPT (p = 0.0001) (table 4). Table 5 shows the comparisons in radiological and microbiological findings between the two groups. Effusion sizes on PA chest roentgenograms were classified as small, medium and massive. The rate of pleural thickening was less in small effusions (p = 0.001). Only two patients had bilateral effusion. Although residual thickening was more frequent in effusions on the left side, the difference was not statistically significant. Effusions were ac- companied by parenchymal infiltrations on PA chest roentgenograms in 27 patients (23%). These were in the form of sequel fibrotic lesions on bilateral apexes in 3 patients, non-cavitary infiltration in 15 patients (unilateral in 8 patients and bilateral in 6, miliar in another) and cavitary infiltration in 6 patients (unilateral in 3 patients, bilateral in other 3 patients). In 49 patients, acido-resistant bacteria was investigated in the sputum and microbial culture was carried out in these patients. AFB results were positive in two patients while 16 patients had positive culture result. Two patients with positive AFB result also had cavitary infiltration with effusion. Table 6 shows the biochemical and biological parameters in the blood and pleural fluid samples of the patients in the group I and II. Statistical comparisons of these parameters were given in table 7. Serum albumin level was found to be lower and total protein in the pleural fluid to be higher in the group with RPT (p=0.002 and p=0.047, respectively). The rate of protein level in the pleural fluid to serum protein level (pTpr/sTpr rate) was also higher in the group with pleural thickening (p=0.002). Total level of ADA and level of ADA-2 isoenzyme were statistically significantly higher in the group with pleural thickening (p=0.032 and p=0.017, respectively). There was no significant difference between groups in ADA-1 isoenzyme levels. No statistically significant differences were found between groups in other biochemical parameters in both pleural fluid and blood. 
Discussion
Tuberculous pleurisy (TP) ranks second only to lymphatic involvement in terms of extrapulmonary involvement in tuberculosis with a rate of 23% to 40%. At the beginning of the century, TP was considered as delayed type of hypersensitivity reaction rather than pleural infection [8] . Mycobacterium tuberculosis invades the pleural cavity mainly through rupture of subpleural caseificating foci within 6 to 12 weeks following the primary infection. Patients with TP invariably have a small subpleural nidus of tuberculosis showing fibrous and granulomatous inflammation and clear signs of leakage into the pleural space [9] .
Bacillus protein antigens seem to induce a delayed hypersensitivity reaction that stimulates lymphocytes, which in turn release certain lymphokines that (1) activate macrophages against the mycobacterium and (2) alter the permeability of pleural vessels and affect the formation of granulomas [10] . The fact that pleural fluid and biopsy cultures are usually negative in the patients with TP is another finding supporting the delayed type hypersensitivity reaction [11] . TP is more common in children and young adults in communities in which it is endemic whereas it is seen in elder individuals (elder than 30) in the communities in which the incidence of tuberculosis is lower [12] . A study on TP found the mean age of the patients with TP to be 47 years. This was explained with more common occurrence of post-primary infection, increased likelihood of extrapulmonary tuberculous infections with "Human Immune Deficiency Virus" and increased incidence of primary infection in elder populations [1] . The mean age of the patients in our series was 35 and 41% of the patients were younger than 30 while 50% were elder than 30 and 9% were elder than 60. This may be interpreted as reduced incidence of tuberculosis in our country.
TP is usually unilateral and the volume of fluid accumulated in TP is often in small to moderate size [11] . Only 2 of our patients (2%) had bilateral effusion. Pleural thickening was less common in the patients with less fluid in our series and this difference was statistically significant (p = 0.001). As the volume of pleural fluid increases the pleural thickening increases and dyspnea becomes more prominent among the clinical symptoms. However, there was no statistically significant difference to demonstrate this.
In our series, 97% of the patients had their diagnoses with closed pleural biopsy and M.tuberculosis could be isolated at a very low rate in pleural fluid and biopsy cultures. This is a finding in favour of delayed type hypersensitivity reaction in the pathogenesis of TP.
Pleural thickening continues in some patients following completion of the treatment. The rate of development of sequel has been reported to be between 10% and 50% in literature [2] [3] [4] [5] . Pleural thickening should be evaluated for decortication if it is causing severe alteration in respiratory functions and the fluid persists despite aggressive treatments, or empyema has developed [13] . The rate of development of pleural thickening was found to be 52% in our series and only 3 patients (2%) required decortication. These figures are consistent with the literature.
The relationship examined has been between the bacteriological and biochemical parameters of pleural fluid and RPT in the studies performed so far. Although the level of LDH in the pleural fluid is a reliable indication of pleural inflammation, no significant relationship has thus far been found between pleural thickening and LDH level [14] . If pleural thickening is not related to the biochemical findings of the pleural fluid or therapeutic regimens, what could it be related to? This question was asked previously by Barbas et al and they considered that delayed type hypersensitivity reaction rather than inflammatory response against the infection was implicated for pleural fibrosis [2] . A significant relationship was found between the presence of pleural thickening and levels of tumour necrosis factor and lysosyme in a study conducted in 1997. The authors of this study argued that high TNF concentration increased the deposition of collagen in the pleura and this might cause pleural fibrosis by increasing fibroblast proliferation and stimulation [4] .
Adenosine deaminase is a polymorphic enzyme involved in the purine metabolism. It catalyses the reaction that deaminates adenosine to inosine and deoxyinosine [15] . Adenosine deaminase comprises 2 isoenzymes: ADA1, which is found all cells, and ADA2, which is found only in monocytes and macrophages [16] . ADA activity is highest in the lymphoid tissue. Its activity is 10 to 20 times higher in T lymphocytes than in the B lymphocytes [15, 17] . ADA has been used in the diagnosis of tuberculous pleural effusions for years. ADA2 has a higher positive predictive value (92%) and higher sensitivity (93%) and specificity (92%) for tuberculous effusion than ADA and ADA1 [18] . In pleural fluids it reflects the cellular immune response in the pleural compartment, especially the activation of T lymphocytes [19] .
A recent study reported that increased activity of the enzyme ADA is mainly due to the increased level of ADA2 and it has been suggested that ADA2 activity was an indication of turn-over or activity of monocytes and macrophages [20, 21] . A recent study suggested that the inflammatory changes caused by M.tuberculosis in the pleural cavity effectively stimulate the production of ADA2 as ADA2 levels are much higher in the pleural effusion than in the serum of patients with TP [22] . This high ADA2 activity is caused by increased production by monocytes and macrophages that have been stimulated by live phagocytosed microorganisms [23] . Lymphocytes are the predominant cells in the cytological examination of the pleural fluid. The presence of lymphocytes in the pleural fluid at a rate of more than 90% is a finding supporting the diagnosis of TP [24] . Total lymphocyte rate was statistically significant in our series, especially in the group with RPT. In tuberculous pleural effusions both the absolute number and percentage of T-lymphocytes are significantly higher than in the peripheral blood, a fact which could explain the increase in adenosine deaminase activity, an enzyme predominantly detected in T-cells [25] .
Higher levels of total ADA and ADA-2 seen in the group with pleural thickening in the present study (p = 0.032 and p = 0.017, respectively) have suggested that immunological mechanism might also play a role in the development of pleural thickening. Especially statistically significant difference between two groups in ADA2 levels suggesting that activated T lymphocytes play an effective role in the development of pleural thickening. Higher lymphocyte rates in the group with pleural thickening also support our opinion. Although statistically not significant, the fact that the proportion of the patients with a PPD reaction ≥ 15 mm was more in the group with pleural thickening also suggests that delayed type hypersensitivity, that is T lymphocytes plays an efficient role.
The fact that protein levels of the patients with pleural thickening were higher in the pleural fluid than in the serum might be explained by the impairment of permeability of pleural membrane that was more severe in these patients. Changes in the permeability of the pleural vessels are due to the lymphokines released from the activated lymphocytes [10] .
Although the present study is a retrospective one, the relationship we found between total ADA and ADA2 activities and pleural thickening suggests that the immunological mechanisms are effective in the development of pleural thickening.
